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Introduction 
 

The monetary evaluation of health effects of air pollution is an essential input 
to the cost-benefit analysis of environmental policies that aim to increase urban air 
quality, since the health effects seem to correspond to the major component of the 
benefits of these policies. Valuing health benefits associated with air pollution require 
site-specific parameters that demand a great effort of research and data collection. As 
an alternative to survey methods, benefit transfer functions are considered as a 
methodological shortcut to apply willingness to pay (WTP) based estimates from one 
specific area to another study area. (Brower, 1998; Seroa da Motta et al., 1999). 

The objective of this report is to present estimates of transferred morbidity and 
mortality health benefits associated with air pollution in São Paulo, given different 
scenarios for the Metropolitan Area of São Paulo (MASP) air pollutants 
concentrations. The scenarios consider the energy use and its related emissions of 
regulated gases. 

The next section presents a brief literature review of the valuation methods 
and issues arising in health/risk valuation. Following that, our methodological 
procedures and results are presented. In our concluding section, we present the results. 
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2 Environmental Studies Co-ordinator - IPEA Research Institute for Applied Economics.   



 2 

Literature Review 

 

Willingness to pay in the context of risks to life is defined as “the breakeven 
payment, per unit reduction in the probability of death, that leaves an individual’s 
overall expected utility unchanged.” (Shepard and Zeckhauser 1982). In a more 
general context, the willingness to pay for a specific good or service is the sums of the 
amount of money individuals spend on the good or service plus the consumer surplus 
measure associated to the consumption of this good or service. 

Researchers have identified two alternative general approaches for valuing the 
benefits of lifesaving activities, including environmental programmes that reduce 
risks of death: the Human Capital approach and the Willingness to Pay approach 
(Cropper and Freeman 1991; Shepard and Zeckhauser 1982; Berger et al. 1994; 
Johansson 1995). The first approach, the Human Capital, estimates measures of the 
economic productivity of the individual whose life is at risk. It uses an individual’s 
discounted lifetime earnings as its measure of value, assigning valuations in direct 
proportion to income. The Willingness to Pay approach assumes that the preferences 
of individuals can be characterised by substitutability between income and safety, that 
is, individuals make trade-offs among consumption and goods or services that 
increases their safety. These trade-offs reveal the values individuals place on their 
safety or on the reduction on the risks of death 

The Human Capital approach has the appeal of being easy to use but some 
ethical issues make it debatable, with several issues arising when implementing this 
simple approach to value individual’s risks of death. The most important concerns the 
choice of a discount rate to calculate the present value of individual’s future earnings. 
The Human Capital value of young people would be particularly sensitive to the 
discount rate utilised. Because of discounting and the time lag before children become 
productive participants in the labour market, the Human Capital approach places a 
much lower value on saving children’ lives compared with saving adults’ lives, who 
are in the labour force. Furthermore, all the differences in the labour market structure 
are reflected in the Human Capital approach: because of earning differences among 
individual of different gender and race, the Human Capital approach values saving the 
lives of women and nonwhites less than saving the lives of adult white males. Also, 
this approach assigns no value to retired or totally disabled people lives. 

 The Willingness to Pay approach has its basis in the assumption that changes 
in individuals’ economic welfare can be valued according to what they are willing 
(and able) to pay to achieve that change. According to this assumption, individuals 
treat longevity like other consumption good and reveal their preferences through the 
choices that involve changes in the risk of death and other economic goods whose 
values can be measured in monetary terms. That is, in many situations individuals act 
as if their preference functions included life expectancy or the probability of death as 
arguments, and make a variety of choices that involve trading off changes in their risk 
of death for other economic goods. When what is being changed can be measured in 
monetary terms, the individual willingness to pay is revealed by these choices, which 
are the basis of the economic value of reductions in the risk of death. 

 In the health economic literature, some methods for empirical estimation of 
willingness to pay measures have been utilised, each providing a means to derive 
Hicksian measures for individuals making trade-offs between risks to life and health 
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and other consumption goods and services. These methods are the Compensating 
Wage, the Contingent Valuation, the Hedonic Price (or Hedonic Property Value), and 
the Averting Behaviour method. 

 The theoretical framework that have been used to develop economic models to 
define willingness to pay for a change in health risks is based on economic models of 
individual choice under uncertain lifetime, and focuses on the conditional probability 
of death (Yaari 1965; Shepard and Zeckhauser 1982). Economic models of individual 
choice under uncertain lifetime are based in the interplay between the ‘impatience’ to 
consume and the productivity of resources. These models offer insights into 
consumption, saving, investment, portfolio selection and purchase of life insurance 
and annuities. They are based on the assumption that individuals maximise their 
expected utility by choosing among alternatives that change their risk of dying. Then, 
the willingness to pay for a reduction in the risk of death is the maximum amount that 
can be taken from the individual without reducing his expected utility. They also 
generate predictions about how willingness to pay varies with age and lifetime 
earnings, providing the theoretical basis for many empirical studies of willingness to 
pay for reduction in health risks. 

Regarding morbidity risks, two approaches are identified to estimate 
preferences for reducing chronic or acute symptoms: the Cost of Illness (COI) and 
stated preferences techniques (Davis et al. 1999), like the contingent valuation 
technique already mentioned. The cost of illness approach separates the consequences 
of illness into its component parts and attempts to value each part. The ideal 
willingness to pay measures would capture all the medical costs, pain and suffering, 
time and productivity losses, and other dis-utilities of illness occurrence. By missing 
the value individuals place on pain and suffering, the Cost of Illness approach 
underestimates benefits. The most common cost categories estimated are hospital 
admission, emergency room visits, doctor and drug costs, and the value of non-work 
time as a result of illness. 

Benefit transfer is an alternative to fill in gaps in the availability of 
information on the preferences of individuals in a country or region. It is defined as a 
technique where the results of monetary (environmental or health) valuation studies, 
estimated through market based or non-market based economic valuation techniques, 
are applied to a new policy context. "Applying previous research findings to similar 
decision situations is a very attractive alternative to expensive and time consuming 
original research to quickly inform decision makers" (Brouwer 1998). 

The underlying assumption for the use of benefit transfer is the existence of a 
similar kind of generally applicable model for health values revealed or expressed by 
people through economic valuation techniques. It is argued that studies to be 
considered for benefit transfer should be based on adequate data, traditional economic 
models and correct empirical techniques. The relevant studies should present 
willingness to pay measures expressed from regressions with relevant explanatory 
variables; the sites involved should have similar populations or the willingness to pay 
function should account for differences in population characteristics; and the health 
outcomes or environmental services involved should be the same as well. 

 The benefit estimate to be transferred is, in general, adjusted for the new 
population or site, involving for instance income differentials, education levels, 
baseline risks, age distributions, and health status. The income adjustment is usually 
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made considering an income elasticity of willingness to pay for a health improvement. 
Using an income elasticity of 1 would change the willingness to pay measure in the 
receiving area of study proportionally to the relative per capita income differential 
across the two areas of study, whilst an income elasticity equal to zero would mean 
that no adjustment is considered for income differentials (Davis et al. 1999)   

 The criticism of the benefit transfer technique relies on the fact that it ignores 
many other factors that might make willingness to pay different between different 
areas, such as cultural factors. Also, it relies on the fact that it ignores differences in 
income distribution between areas of study. In general, researchers use individual 
variation in incomes within rich countries to estimate willingness to pay for 
developing countries, with low average incomes. 

 Even aware of the limitations of the benefit transfer technique, the lack of 
information on reliable estimates of mortality and morbidity outcomes for Brazil 
induced the use of benefit transfer for estimating the economic values of air pollution 
health effects in São Paulo. 

 

Methodological Procedures 

 

To our knowledge3, Davis et al. (1999) presented the most recent available 
values used in the United States, Europe and Canada for mortality and morbidity 
health outcomes for policymaking. The American estimates were originally reported 
in "The Benefits and Costs of the Clean Air Act Amendments of 1990 - USEPA", the 
European values were reported in ExternE, 1998, and all of them were adjusted to 
1999 by the US dollar inflation between 1990 and 1999. 

 Table 1 summarises the willingness to pay estimates commonly used by 
policymakers in health benefits analysis selected from four major studies or models in 
the US (EPA and TAF), Canada (AQVM), and Europe (ExternE).  

                                                           
3 Internet sites and official publications (USEPA and ExternE) were investigated but no more recent 
values were found.  
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Table 1: Comparison of Unit Values Used in Several Major Studies 

Health Outcomes US EPA (1999) US TAF (1999) Canada AQVM(1999) EU 
ExternE  Low Central High Low Central High Low Central High Central 

  US$(1999) US$(1999) US$(1999) US$(1999) US$(1999) US$(1999) US$(1999) US$(1999) US$(1999) US$(1999) 

Mortality  1,981,200 6,096,000 10,210,800 2,011,680 3,937,000 7,807,960 2,133,600 3,644,900 7,289,800 3,849,370 

Chronic Bronchitis -- 330,200 - 75,438 330,200 664,337 155,575 236,474 413,385 130,429 

Cardiac Hospital Admissions -- 12,065 - - 11,811 - 3,734 7,468 11,201 9,774 

Respiratory Hospital Admissions -- 8,763 - - 8,442 - 2,934 5,867 8,712 9,774 

Emergency Room Visits 183 246 342 - 239 - 258 507 765 277 

Work Loss Days -- 105 - - - - - - - - 

Acute Bronchitis 17 57 98 - 0 - - - - - 

Restricted Activity Days 20 48 77 - 69 - 33 65 98 93 

Respiratory Symptoms 6 19 42 - 15 - 6 14 19 9 

Shortness of Breath 0 7 13 - - - - - - 9 

Asthma  15 41 69 - 42 - 15 41 67 46 

Child Bronchitis -- - - - 57 - 133 276 409 - 

Source: Authors' estimations adapted from Davis, Krupnick and Thurston (1999), and Hunt (2000). 
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2000 2,724,193 2,724,193 2,724,193 2,724,193 2,724,193 2,724,193 2,724,193 2,724,193 
2005 3,647,425 3,245,346 3,321,107 3,321,107 702,174 3,321,107 3,321,107 2,997,422 
2010 4,835,775 3,826,394 3,951,378 3,951,378 809,006 3,951,378 3,951,378 3,206,514 
2015 6,347,702 4,473,169 4,757,294 4,615,040 1,048,090 4,473,169 4,615,040 3,490,729 
2020 8,079,308 4,994,961 5,312,228 5,312,228 1,318,428 5,153,380 5,312,228 3,897,920 

         
ETM-
PM10 BAU TPITU EFGR TNGB TIMP TBDT INGC OVERAL

L 

2000 
5,296,517,

847 
5,296,517,

847 
5,296,517,

847 
5,296,517,

847 
5,296,517,

847 
5,296,517,

847 
5,296,517,

847 
5,296,517,

847 

2005 
6,642,251,

239 
6,642,251,

239 
6,642,251,

239 
6,586,282,

701 
6,183,977,

671 
6,295,611,

419 
6,642,251,

239 
5,716,102,

098 

2010 
7,946,302,

160 
7,763,650,

573 
7,946,302,

160 
7,706,620,

480 
7,353,548,

968 
6,536,924,

626 
7,946,302,

160 
5,781,276,

369 

2015 
9,546,752,

353 
9,220,204,

983 
9,535,077,

189 
9,231,854,

641 
8,871,153,

675 
5,438,239,

441 
9,465,046,

065 
4,567,558,

289 

2020 
11,234,630

,182 
10,793,635

,899 
11,234,630

,182 
10,865,058

,732 
10,496,414

,111 
4,266,643,

293 
11,163,027

,781 
3,212,999,

745 
         

ETM-SO2 BAU TPITU EFGR TNGB TIMP TBDT INGC OVERAL
L 

2000 
6,979,652,

734 
6,979,652,

734 
6,979,652,

734 
6,979,652,

734 
6,979,652,

734 
6,979,652,

734 
6,979,652,

734 
6,979,652,

734 

2005 
6,560,586,

226 
6,560,586,

226 
6,606,318,

215 
6,286,511,

952 
6,606,318,

215 
6,514,869,

373 
6,149,678,

796 
5,921,925,

266 

2010 
6,959,484,

868 
6,913,139,

498 
6,913,139,

498 
6,820,494,

768 
7,005,845,

580 
6,635,389,

199 
6,358,189,

964 
5,713,528,

642 

2015 
7,790,909,

475 
7,508,407,

892 
7,508,407,

892 
7,461,378,

818 
7,461,378,

818 
6,337,338,

412 
6,757,807,

501 
4,990,982,

784 

2020 
8,022,794,

355 
7,879,720,

470 
7,927,395,

980 
7,879,720,

470 
7,975,087,

273 
5,938,549,

649 
6,976,877,

651 
3,977,160,

959 
         

ETM-CO BAU TPITU EFGR TNGB TIMP TBDT INGC OVERAL
L 

2000 
3,244,718,

783 
3,244,718,

783 
3,244,718,

783 
3,244,718,

783 
3,244,718,

783 
3,244,718,

783 
3,244,718,

783 
3,244,718,

783 

2005 
3,883,191,

861 
3,467,323,

906 
3,545,903,

587 
3,545,903,

587 
767,629,34

2 
3,545,903,

587 
3,545,903,

587 
3,209,455,

125 

2010 
4,497,917,

466 
3,586,333,

530 
3,699,950,

380 
3,699,950,

380 
776,381,75

5 
3,699,950,

380 
3,699,950,

380 
3,019,663,

360 

2015 
5,244,704,

697 
3,742,126,

579 
3,972,237,

218 
3,857,134,

093 
897,781,14

1 
3,742,126,

579 
3,857,134,

093 
2,939,744,

424 

2020 
6,011,450,

136 
3,784,784,

241 
4,017,517,

983 
4,017,517,

983 
1,021,942,

159 
3,901,102,

761 
4,017,517,

983 
2,973,255,

483 
         

ERM-
PM10 BAU TPITU EFGR TNGB TIMP TBDT INGC OVERAL

L 

2000 
1,435,715,

898 
1,435,715,

898 
1,435,715,

898 
1,435,715,

898 
1,435,715,

898 
1,435,715,

898 
1,435,715,

898 
1,435,715,

898 

2005 
1,805,924,

654 
1,805,924,

654 
1,805,924,

654 
1,790,419,

264 
1,679,109,

407 
1,709,970,

952 
1,805,924,

654 
1,549,975,

112 

2010 
2,168,030,

523 
2,117,101,

125 
2,168,030,

523 
2,101,209,

737 
2,002,938,

104 
1,776,379,

879 
2,168,030,

523 
1,567,654,

402 

2015 
2,615,675,

962 
2,523,910,

007 
2,612,392,

231 
2,527,180,

996 
2,425,999,

063 
1,472,924,

644 
2,592,699,

774 
1,234,056,

734 

2020 
3,091,522,

657 
2,966,586,

543 
3,091,522,

657 
2,986,801,

261 
2,882,546,

299 
1,151,623,

783 
3,071,217,

499 
864,662,76

3 
         

ERM-SO2 BAU TPITU EFGR TNGB TIMP TBDT INGC OVERAL
L 

2000 
982,043,04

9 
982,043,04

9 
982,043,04

9 
982,043,04

9 
982,043,04

9 
982,043,04

9 
982,043,04

9 
982,043,04

9 

2005 
923,264,30

2 
923,264,30

2 
929,690,67

3 
884,748,02

3 
929,690,67

3 
916,839,93

0 
865,516,81

9 
833,504,65

7 

2010 
979,335,39

0 
972,823,58

0 
972,823,58

0 
959,806,03

3 
985,849,22

6 
933,795,21

8 
894,839,61

6 
804,225,40

0 

2015 
1,096,148,

214 
1,056,465,

948 
1,056,465,

948 
1,049,859,

433 
1,049,859,

433 
891,917,89

7 
951,007,86

6 
702,638,06

6 

2020 
1,128,748,

458 
1,108,652,

879 
1,115,349,

322 
1,108,652,

879 
1,122,047,

848 
835,884,12

7 
981,815,35

0 
560,045,56

9 
         

ECVDM- BAU TPITU EFGR TNGB TIMP TBDT INGC OVERAL
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SO2 L 

2000 
1,918,764,

691 
1,918,764,

691 
1,918,764,

691 
1,918,764,

691 
1,918,764,

691 
1,918,764,

691 
1,918,764,

691 
1,918,764,

691 

2005 
1,775,426,

283 
1,775,426,

283 
1,787,682,

749 
1,701,938,

688 
1,787,682,

749 
1,763,172,

256 
1,665,227,

781 
1,604,091,

619 

2010 
1,882,506,

286 
1,870,095,

188 
1,870,095,

188 
1,845,280,

400 
1,894,919,

854 
1,795,680,

444 
1,721,354,

498 
1,548,272,

023 

2015 
2,105,135,

588 
2,029,617,

926 
2,029,617,

926 
2,017,040,

413 
2,017,040,

413 
1,715,929,

760 
1,828,677,

761 
1,354,001,

234 

2020 
2,167,372,

755 
2,129,148,

994 
2,141,887,

713 
2,129,148,

994 
2,154,628,

966 
1,609,038,

196 
1,887,594,

379 
1,080,623,

675 
         

ECVDM-
CO BAU TPITU EFGR TNGB TIMP TBDT INGC OVERAL

L 

2000 
1,268,285,

862 
1,268,285,

862 
1,268,285,

862 
1,268,285,

862 
1,268,285,

862 
1,268,285,

862 
1,268,285,

862 
1,268,285,

862 

2005 
1,491,992,

837 
1,332,524,

511 
1,362,662,

344 
1,362,662,

344 
295,464,82

2 
1,362,662,

344 
1,362,662,

344 
1,233,604,

707 

2010 
1,727,638,

266 
1,378,207,

671 
1,421,778,

946 
1,421,778,

946 
298,835,50

1 
1,421,778,

946 
1,421,778,

946 
1,160,810,

812 

2015 
2,013,691,

045 
1,437,978,

540 
1,526,207,

110 
1,482,077,

297 
345,539,31

5 
1,437,978,

540 
1,482,077,

297 
1,130,154,

991 

2020 
2,307,208,

455 
1,454,381,

647 
1,543,616,

645 
1,543,616,

645 
393,304,57

2 
1,498,983,

441 
1,543,616,

645 
1,143,046,

736 
Notes:  PRHA; ERHA: Respiratory hospital admission; 

EICDERV: Cardiac hospital admission; 
ETM; ERM; ECVDM: Value of a statistical life. 

Table 7 – Upper Bound Valuation of Events Predicted for Different Scenarios 
(US$1999) 

Health 
Outcome 
and year 

Number of events [Table 5] x health expenditures [Table 4: HE / cases ] 
 

Number of events [Table 5] x transferred benefit [Table 3 - Factor 2 – ExternE] 
PRHA-
PM10 BAU TPITU EFGR TNGB TIMP TBDT INGC OVERAL

L 
2000 9,285,232 9,285,232 9,285,232 9,285,232 9,285,232 9,285,232 9,285,232 9,285,232 
2005 11,317,409 11,317,409 11,317,409 11,219,893 10,520,016 10,714,032 11,317,409 9,708,446 
2010 13,832,174 13,505,899 13,832,174 13,404,104 12,774,750 11,324,713 13,832,174 9,989,925 
2015 16,992,522 16,393,504 16,971,084 16,414,852 15,754,595 9,547,576 16,842,522 7,995,444 
2020 20,450,243 19,619,233 20,450,243 19,753,666 19,060,449 7,589,715 20,315,159 5,695,282 

         
PRHA-

SO2 BAU TPITU EFGR TNGB TIMP TBDT INGC OVERAL
L 

2000 8,772,137 8,772,137 8,772,137 8,772,137 8,772,137 8,772,137 8,772,137 8,772,137 
2005 7,975,848 7,975,848 8,031,977 7,639,613 8,031,977 7,919,744 7,471,844 7,192,744 
2010 8,611,952 8,554,035 8,554,035 8,438,281 8,669,896 8,207,094 7,861,110 7,057,528 
2015 9,819,024 9,459,211 9,459,211 9,399,339 9,399,339 7,970,657 8,504,561 6,265,290 
2020 10,289,301 10,103,792 10,165,600 10,103,792 10,227,436 7,594,055 8,934,844 5,071,822 

         

PRHA-CO BAU TPITU EFGR TNGB TIMP TBDT INGC OVERAL
L 

2000 4,664,751 4,664,751 4,664,751 4,664,751 4,664,751 4,664,751 4,664,751 4,664,751 
2005 5,412,006 4,827,917 4,938,200 4,938,200 1,062,371 4,938,200 4,938,200 4,466,278 
2010 6,385,819 5,081,375 5,243,673 5,243,673 1,093,173 5,243,673 5,243,673 4,273,107 
2015 7,587,139 5,395,759 5,730,437 5,562,987 1,286,431 5,395,759 5,562,987 4,231,362 
2020 8,861,120 5,552,245 5,896,629 5,896,629 1,490,198 5,724,323 5,896,629 4,354,079 

         
ERHA-
PM10 BAU TPITU EFGR TNGB TIMP TBDT INGC OVERAL

L 
2000 3,961,197 3,961,197 3,961,197 3,961,197 3,961,197 3,961,197 3,961,197 3,961,197 
2005 5,442,864 5,442,864 5,442,864 5,397,138 5,068,395 5,159,628 5,442,864 4,685,921 
2010 6,507,784 6,358,715 6,507,784 6,312,166 6,023,930 5,356,921 6,507,784 4,739,287 
2015 7,813,431 7,547,251 7,803,916 7,556,749 7,262,645 4,458,952 7,746,837 3,746,517 
2020 9,188,586 8,829,578 9,188,586 8,887,732 8,587,539 3,500,234 9,130,304 2,637,091 

         
ERHA-

SO2 BAU TPITU EFGR TNGB TIMP TBDT INGC OVERAL
L 

2000 2,629,395 2,629,395 2,629,395 2,629,395 2,629,395 2,629,395 2,629,395 2,629,395 



 13 

2005 2,713,750 2,713,750 2,732,414 2,601,825 2,732,414 2,695,089 2,545,900 2,452,747 
2010 2,876,849 2,857,956 2,857,956 2,820,178 2,895,745 2,744,656 2,631,457 2,367,715 
2015 3,215,808 3,100,926 3,100,926 3,081,789 3,081,789 2,623,348 2,795,073 2,071,567 
2020 3,310,595 3,252,461 3,271,836 3,252,461 3,291,214 2,460,539 2,884,875 1,654,270 

         
EDICERV

-CO BAU TPITU EFGR TNGB TIMP TBDT INGC OVERAL
L 

2000 38,772,419 38,772,419 38,772,419 38,772,419 38,772,419 38,772,419 38,772,419 38,772,419 
2005 51,912,433 46,189,793 47,268,075 47,268,075 9,993,783 47,268,075 47,268,075 42,661,184 
2010 68,825,778 54,459,639 56,238,483 56,238,483 11,514,280 56,238,483 56,238,483 45,637,111 
2015 90,344,477 63,664,949 67,708,787 65,684,139 14,917,079 63,664,949 65,684,139 49,682,249 

2020 
114,989,77

3 71,091,416 75,606,964 75,606,964 18,764,700 73,346,142 75,606,964 55,477,645 

         
ETM-
PM10 BAU TPITU EFGR TNGB TIMP TBDT INGC OVERAL

L 

2000 
7,342,801,

523 
7,342,801,

523 
7,342,801,

523 
7,342,801,

523 
7,342,801,

523 
7,342,801,

523 
7,342,801,

523 
7,342,801,

523 

2005 
9,208,452,

406 
9,208,452,

406 
9,208,452,

406 
9,130,860,

698 
8,573,127,

093 
8,727,889,

993 
9,208,452,

406 
7,924,490,

089 

2010 
11,016,317

,000 
10,763,098

,868 
11,016,317

,000 
10,684,035

,479 
10,194,556

,522 
9,062,433,

372 
11,016,317

,000 
8,014,844,

121 

2015 
13,235,093

,270 
12,782,385

,927 
13,218,907

,464 
12,798,536

,372 
12,298,480

,359 
7,539,276,

559 
13,121,820

,159 
6,332,212,

016 

2020 
15,575,074

,415 
14,963,704

,155 
15,575,074

,415 
15,062,720

,848 
14,551,652

,188 
5,915,039,

989 
15,475,808

,778 
4,454,326,

427 
         

ETM-SO2 BAU TPITU EFGR TNGB TIMP TBDT INGC OVERAL
L 

2000 
9,676,207,

312 
9,676,207,

312 
9,676,207,

312 
9,676,207,

312 
9,676,207,

312 
9,676,207,

312 
9,676,207,

312 
9,676,207,

312 

2005 
9,095,236,

516 
9,095,236,

516 
9,158,636,

834 
8,715,274,

991 
9,158,636,

834 
9,031,857,

181 
8,525,577,

017 
8,209,832,

028 

2010 
9,648,247,

690 
9,583,997,

015 
9,583,997,

015 
9,455,559,

448 
9,712,519,

635 
9,198,939,

250 
8,814,645,

452 
7,920,922,

392 

2015 
10,800,889

,113 
10,409,244

,431 
10,409,244

,431 
10,344,045

,904 
10,344,045

,904 
8,785,738,

005 
9,368,653,

262 
6,919,224,

487 

2020 
11,122,361

,579 
10,924,011

,801 
10,990,106

,510 
10,924,011

,801 
11,056,223

,100 
8,232,879,

160 
9,672,360,

090 
5,513,717,

576 
         

ETM-CO BAU TPITU EFGR TNGB TIMP TBDT INGC OVERAL
L 

2000 
4,498,299,

961 
4,498,299,

961 
4,498,299,

961 
4,498,299,

961 
4,498,299,

961 
4,498,299,

961 
4,498,299,

961 
4,498,299,

961 

2005 
5,383,443,

978 
4,806,907,

480 
4,915,846,

034 
4,915,846,

034 
1,064,199,

171 
4,915,846,

034 
4,915,846,

034 
4,449,412,

361 

2010 
6,235,665,

803 
4,971,895,

888 
5,129,408,

050 
5,129,408,

050 
1,076,333,

035 
5,129,408,

050 
5,129,408,

050 
4,186,295,

479 

2015 
7,270,970,

616 
5,187,878,

816 
5,506,891,

571 
5,347,318,

919 
1,244,634,

479 
5,187,878,

816 
5,347,318,

919 
4,075,500,

254 

2020 
8,333,944,

393 
5,247,017,

057 
5,569,666,

338 
5,569,666,

338 
1,416,764,

496 
5,408,274,

667 
5,569,666,

338 
4,121,958,

147 
         

ERM-
PM10 BAU TPITU EFGR TNGB TIMP TBDT INGC OVERAL

L 

2000 
1,990,397,

689 
1,990,397,

689 
1,990,397,

689 
1,990,397,

689 
1,990,397,

689 
1,990,397,

689 
1,990,397,

689 
1,990,397,

689 

2005 
2,503,634,

780 
2,503,634,

780 
2,503,634,

780 
2,482,138,

959 
2,327,825,

085 
2,370,609,

838 
2,503,634,

780 
2,148,800,

390 

2010 
3,005,638,

475 
2,935,032,

754 
3,005,638,

475 
2,913,001,

806 
2,776,763,

410 
2,462,675,

526 
3,005,638,

475 
2,173,309,

987 

2015 
3,626,229,

532 
3,499,010,

251 
3,621,677,

148 
3,503,544,

970 
3,363,271,

894 
2,041,981,

851 
3,594,376,

607 
1,710,828,

497 

2020 
4,285,917,

262 
4,112,712,

695 
4,285,917,

262 
4,140,737,

269 
3,996,203,

914 
1,596,547,

979 
4,257,767,

307 
1,198,720,

978 
         

ERM-SO2 BAU TPITU EFGR TNGB TIMP TBDT INGC OVERAL
L 

2000 
1,361,450,

561 
1,361,450,

561 
1,361,450,

561 
1,361,450,

561 
1,361,450,

561 
1,361,450,

561 
1,361,450,

561 
1,361,450,

561 

2005 
1,279,962,

934 
1,279,962,

934 
1,288,872,

101 
1,226,566,

080 
1,288,872,

101 
1,271,056,

538 
1,199,904,

994 
1,155,525,

090 
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2010 
1,357,696,

812 
1,348,669,

196 
1,348,669,

196 
1,330,622,

384 
1,366,727,

236 
1,294,562,

418 
1,240,556,

509 
1,114,933,

936 

2015 
1,519,639,

697 
1,464,626,

382 
1,464,626,

382 
1,455,467,

472 
1,455,467,

472 
1,236,505,

999 
1,318,425,

088 
974,098,83

4 

2020 
1,564,834,

885 
1,536,975,

477 
1,546,259,

058 
1,536,975,

477 
1,555,545,

527 
1,158,823,

857 
1,361,134,

892 
776,416,42

6 
         

ECVDM-
SO2 BAU TPITU EFGR TNGB TIMP TBDT INGC OVERAL

L 

2000 
2,660,070,

012 
2,660,070,

012 
2,660,070,

012 
2,660,070,

012 
2,660,070,

012 
2,660,070,

012 
2,660,070,

012 
2,660,070,

012 

2005 
2,461,353,

514 
2,461,353,

514 
2,478,345,

205 
2,359,474,

347 
2,478,345,

205 
2,444,365,

204 
2,308,580,

362 
2,223,824,

543 

2010 
2,609,803,

350 
2,592,597,

285 
2,592,597,

285 
2,558,195,

426 
2,627,012,

839 
2,489,432,

770 
2,386,391,

360 
2,146,439,

320 

2015 
2,918,444,

390 
2,813,750,

850 
2,813,750,

850 
2,796,314,

077 
2,796,314,

077 
2,378,870,

801 
2,535,178,

439 
1,877,112,

965 

2020 
3,004,726,

582 
2,951,735,

259 
2,969,395,

518 
2,951,735,

259 
2,987,059,

292 
2,230,682,

206 
2,616,857,

203 
1,498,117,

329 
         

ECVDM-
CO BAU TPITU EFGR TNGB TIMP TBDT INGC OVERAL

L 

2000 
1,758,281,

880 
1,758,281,

880 
1,758,281,

880 
1,758,281,

880 
1,758,281,

880 
1,758,281,

880 
1,758,281,

880 
1,758,281,

880 

2005 
2,068,416,

948 
1,847,338,

816 
1,889,120,

252 
1,889,120,

252 
409,616,20

5 
1,889,120,

252 
1,889,120,

252 
1,710,201,

832 

2010 
2,395,102,

831 
1,910,671,

440 
1,971,076,

264 
1,971,076,

264 
414,289,13

0 
1,971,076,

264 
1,971,076,

264 
1,609,284,

372 

2015 
2,791,670,

697 
1,993,534,

492 
2,115,849,

736 
2,054,670,

587 
479,036,73

3 
1,993,534,

492 
2,054,670,

587 
1,566,784,

826 

2020 
3,198,587,

118 
2,016,274,

858 
2,139,985,

360 
2,139,985,

360 
545,255,86

3 
2,078,108,

336 
2,139,985,

360 
1,584,657,

233 

 

 

Conclusions 
 

Valuing health benefits associated with air pollution require site-specific 
parameters that demand a great effort of research and data collection. We have 
discussed the several alternative methods and approaches used by environmental 
economists to estimate willingness to pay measures to avoid health outcomes from air 
pollution. As an alternative to rather expensive survey methods, benefit transfer was 
used as a methodological shortcut to apply willingness to pay based estimates from 
three specific areas (USA, Canada and Europe) to Brazil. These are the most common 
reference values of health outcomes used for policymaking by environmental 
economists. 
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Annex 

 

Table 1: Average Emission Level for New Automobiles in Brazil 
Year Fuel type CO (g/km) HC (g/km) NOx (g/km) 

Prior to 1980 Gasoline 54 4.7 1.2 
1986 – 1987 Gasoline 22 2.0 1.9 
 Ethanol 16 1.6 1.8 
1988 Gasoline 18.5 1.7 1.8 
 Ethanol 13.3 1.7 1.4 
1992 Gasoline 6.2 0.6 0.6 
 Ethanol 3.6 0.6 0.5 
1997 Gasoline 1.2 0.2 0.2 
 Ethanol 0.9 0.3 0.3 
Source: Ferraz and Seroa da Motta (2001) 

 

Table 6.1: Health Benefit Values Associated with the Proconve Programme  
               São Paulo (1999 US$) 

      
  Avoided Events Health Benefit 
  0-2 years > 64 years 0-2 years > 64 years 

Morbidity      
Respiratory     Transfer Pricing  (Factor 2)(a) 

Admissions PM10 4,044 905 8,217,130.45 1,838,897.89 
 SO2 2,524 432 5,128,594.77 877,794.35 
 CO 4,530 -- 9,204,649.10 -- 
 Totals 11,098 1,337 22,550,374.33 2,716,692.24 
      
    Health Expenditures 
 PM10 4,044 905 5,594,513.60 2,155,391.48 
 SO2 2,524 432 3,491,729.06 1,028,871.96 
 CO 4,530 -- 6,266,851.29 -- 
 Totals 11,098 1,337 15,353,093.95 3,184,263.44 
      

Mortality    Transfer Pricing  (Factor 2)(a) 

 NO2 1,420 -- 1,136,366,066.54 -- 
 PM10 -- 798 -- 638,605,719.09 
 SO2 -- -578 -- -462,549,004.55 
 CO -- 3,302 -- 2,642,451,233.61 
 Totals 1,420 3,522 1,136,366,066.54 2,818,507,948.15 
      

Source: Authors estimation 
(a) Central Values used for benefit transfer (ExternE) 
 

 


